Background: Recent obesity studies have reported that the rising trend in obesity has stabilized or leveled off. Our study aimed to update estimates of the recent prevalence trend in obesity based on the Korean National Health and Nutrition Examination Survey 1998e2014. Methods: A total of 66,663 subjects were included and defined as being either underweight, overweight, or obese, in accordance with a BMI of 18.5 kg/m 2 or lower, 23 kg/m 2 or higher, and 25 kg/m 2 or higher, 
Introduction
Obesity is disease of global epidemic proportions that has increased during the recent decades. 1 It is related to noncommunicable diseases, such as type 2 diabetes, hypertension, dyslipidemia, cardiovascular diseases, musculoskeletal disorders, and certain malignancies, 2 as these are associated with environmental factors, including family lifestyles and unhealthy behaviors. The World Health Organization (WHO) aims to stop obesity by 2025 as part of the program called "Global Action Plan for the Prevention and Control of Non-Communicable Diseases 2013e2020", 3 and has suggested diverse efforts, such as following a healthy diet with physical activity, for prevention. It has also advocated regular monitoring of epidemiological facts in obesity. Recent studies have reported that the rising trends of obesity have stabilized or leveled off in some European countries and China. 4 However, several Korean studies have reported that the trends of obesity in Korea have increased in men, but neither increased nor decreased in women. 5e7 It should be noted that more recent trends still needs to be reported. Our study, therefore, aimed to report more recent trends in obesity prevalence in Korea by including a longer time frame of years, from 1998 through 2014, than previous reports and assessing various measures, including abdominal obesity and the population of underweight, based on data from the Korean National Health and Nutrition Examination Survey (KNHANES).
Methods
The KNHANES is a cross-sectional, nationally representative survey conducted by the Korean Ministry of Health and Welfare and has been performed in 6 phases: the KNHANES phase I (1998), II (2001) , III (2005) , IV (2007e2009), V (2010e2012), and VI (2013e2015) studies. As the most recent data (from 2015) was unavailable, the data from 1998 to 2014 are included in this study. The KNHANES is composed of a Health Interview Survey, a Health Behavior Survey, a Health Examination Survey, and a Nutrition Survey. Households as sampling units were stratified, and the information was collected through a multistage probability-based sampling design based on sex, age, and geographic area, using household registries. On completion of this survey, participants provided written informed consent for use of their data for further analyses and were given the right to refuse to participate, in accordance with the National Health Enhancement Act.
Of the 177,056 participants in the KNHANES I-VI, we excluded those younger than 20 years and those who did not have information for body mass index (BMI) (n ¼ 10,393). After these exclusions, a total of 66,663 participants (28,594 men and 38,069 women) were included in the final analysis. The Institutional Review Board (IRB) of the Korea Centers for Disease Control and Prevention approved this study.
Measurement and definition of underweight, overweight, and obesity
Physical examinations were performed by a trained medical staff, following standardized procedures. Body weight, height, and waist circumference were measured to the nearest 0.1 kg and 0.1 cm, respectively, with participants wearing light indoor clothing without shoes. Waist circumference was checked at the midpoint between the lower border of the rib cage and the iliac crest. BMI was calculated as the ratio of weight in kilograms to height in meters squared (kg/m 2 ). According to the Asia-Pacific regional guidelines of the WHO and International Obesity Task Force, we defined the cutoff points for being underweight, overweight, and obesity as a BMI of 18.5 kg/m 2 or lower, 23 kg/m 2 or higher, and 25 kg/m 2 or higher, respectively. 8 We further stratified obesity as grade 1 (BMI !25 kg/m 2 ) and grade 2 (BMI !30 kg/m 2 ), which were not mutually exclusive. Abdominal obesity was defined as waist circumference !90 cm for men and !85 cm for women using the cut-off points in Korea. 9 
Statistical analysis
KNHANES data from the Korea National Statistical Office were used to define the standard population. In order to represent the entire Korean adults without biased estimates, sampling weights were applied to account for the complex sampling, which included stratification by district at the first step and stratification by sex and age at the second step. Furthermore, to avoid bias from changes in age and sex distributions in each phase, adjustments to age and sex were made using the Korean population distribution in the year 2005.
All data on continuous variables were presented as means (standard errors [SEs] ) and one-way analysis of variance was used to compare mean values for continuous variables, such as age, BMI, and waist circumference, across KNHANES phases. Linear regression analyses for P trends and logistic regression analyses for odds ratios (ORs) were used. All analyses were conducted using SAS statistical software (version 9.2; SAS Institute Inc., Cary, NC, USA). All statistical tests were two-sided, and statistical significance was determined at P-value <0.05.
Results
The 66,663 participants included in this study were distributed as follows: 7962 from KNHANES I, 6572 from KNHANES II, 5462 from KNHANES III, 17,126 from KNHANES IV, from 18,255 KNHANES V, and 11,286 from KNHANES VI ( Table 1) . Table 2 shows the changes in BMI and waist circumference according to sex and age group (20e39 years, 40e59 years, and 60 years or older) across the KNHANES phases. Mean BMI in men increased overall across the KNHANES phases (p for trend<0.001, The prevalence of being underweight, overweight/obese, grade 1 and grade 2 obesity, or abdominal obesity is presented in Fig. 1 . The prevalence of being underweight in KNHANES I through VI was 5.4%, 6.1%, 5.8%, 6.5%, 7.6%, and 7.5% in men (p for trend ¼ 0. Detailed information on the prevalence of underweight, overweight/obesity, grade 1 and 2 obesity, and abdominal obesity according to age group and sex is shown in Table 3 The trends in underweight, overweight/obese, grade 1 and 2 obesity, and abdominal obesity during the 1998e2014 survey are presented as ORs (95% CIs), and these indicated an estimated increase in the odds for obesity occurrence after adjusting for age group (Fig. 2) . Compared with KNHANES I, the ORs for male prevalence of overweight/obesity, and grade 1 and 2 obesity in KNHANES II to VI was statistically significant and increased in a time-dependent manner (p for trend ¼ 0.007, p < 0.001, and p < 0.001, respectively), while those for being underweight were significantly decreased (p for trend<0.001). In contrast, the odds for being underweight in women were statistically higher in KNHANES IIeVI than in KNHANES I and tended to increase with the KNHANES phases (p for trend ¼ 0.0001). Women showed a tendency of decreased prevalence of overweight/obesity, grade 1 obesity, and abdominal obesity (all p for trend<0.001), but an increased prevalence in grade 2 obesity (p for trend ¼ 0.014).
Discussion
Analyses of KNHANES data for 1998e2014 showed sex differences in trends in underweight, overweight/obesity, grade 1 and 2 obesity, and abdominal obesity prevalence among the Korean adults. The prevalence of underweight in men decreased, but that in women increased with the KNHANES phases. It is of note that the association between underweight and health outcomes is still controversial. Jee et al reported that underweight men and women had higher mortality; 10 however, a recent Korean study found that underweight was not associated with increased mortality compared to a normal-weight population.
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From the KNHANES data, the trends in overweight/obesity and grade 1 and 2 obesity were in an upward trajectory in men. In contrast, the female trends were downward pointing in overweight/obesity and grade 1 obesity categories, and also recently decreasing in grade 2 obesity. There was a decrease in prevalence of abdominal obesity in women, but no significant change was seen in men.
We compared our present results with those of similar previous studies. Kang et al reported an upward trend of overweight/obesity and obesity in men and a slightly decreasing trend of overweight/ obesity in women. 5 Khang et al reported that obesity and abdominal obesity were increased in men and old women, but not in women of other ages. 6 Yoo et al reported that obesity and abdominal obesity were increased in men, but not in women. 7 Flegal's obesity study in the United States from 1999 to 2008 reported that an increasing trend was not observed in men and women; 12 however, a recent report from 2005 to 2014 showed an increasing trend in overall and class 3 obesity in women and no change in men.
13 These changes in the obesity epidemic in Korea might be closely related to changes in healthy behavior, although the direction of change is controversial. According to the Korea Health Statistics, which is published by the Korea Centers for Disease Control and Prevention, the trend of daily intake calorie for years 1998, 2001, 2005, 2007, 2008, 2009, 2010, 2011, 2012 , and 2013 year were as follows: 2152 kcal, 2107 kcal, 2214 kcal, 2107 kcal, 2146 kcal, 2391 kcal, 2360 kcal, 2310 kcal, and 2386 kcal, respectively, for men, and 1729 kcal, 1713 kcal, 1742 kcal, and 1549 kcal, 1583 kcal, 1590 kcal, 1733 kcal, 1699 kcal, 1682 kcal, and 1779 kcal, respectively, for women.
14 A trend of increasing daily caloric intake was observed in men, and a fluctuation in daily intake according to year was observed in women. In Kang et al's study, an increase in regular exercise and a decrease in regular alcohol consumption were observed in men, and active management of chronic disease was increased in both men and women from 1998 to 2009. 5 Shin et al's study showed that the levels of exercise in men had greatly increased compared to women from 1998 to 2009. 15 Kang et al's study reported an increased risk of alcohol use and marginally decreased walking rate from the 2008e2014 Korea Community Health Survey. 16 Interestingly, our study shows that the rate of obesity has increased overall, but that for abdominal obesity has reached a plateau in men. This discrepancy can be explained by an increase in BMI in men, which is not due to an increase in adiposity but from an increase in muscle mass. Several studies reported that the exercise rate in men has increased. 5, 15 The Korean government has emphasized a reduction in abdominal obesity via a multimedia campaign and development of new health policy. These efforts also help in screening for obesity-related diseases and consultation for risk factors for the individuals by providing free health check-ups. Furthermore, with the development of information technology and wider use of smart phones in Korea, applications and internet-based material about healthy behavior and building an attractive appearance have become popular among the larger population. These environmental changes could have influenced the popular view that a muscular body shape in men and a thin body shape in women are desirable in Korea. For these reasons, not only an increase in caloric intake but also an increase in muscle mass resulting from an increase in the exercise rate might be co-contributors to an increase in BMI in men.
As an example, to spend the increased intake of food calories of about 200 kcal d as seen between 1998 and 2013e54 min of additional exercise, such as walking at 5 km/h (3.2 metabolic equivalent), is required by a 70 kg-weighted male. In men who exceed the average daily caloric intake between 1998 and 2013, incremental exercise would not be sufficient to offset the accumulation of extra calories as fat. 17 In our study, although there were no definite changes in the trends of daily caloric intake and exercise rate for women, the discrepancy between the obese and underweight was increased, with observed gradual increases both in grade 2 obesity and underweight. From surveys and behavioral studies, it has been reported that both a negative stereotype of obese people and distorted body image bring about extreme self-control for weight loss and an increase in the underweight population among Korean women, 18, 19 and further studies on trends for changes in average muscle mass and adiposity are needed in the future. Our study has several limitations that should be considered when interpreting the results. First, this was a cross-sectional study, which could not identify cause-and-effect relationships. Second, those who had missing anthropometric data were excluded in this study, so selection bias could not be excluded, as overweight or obese women tend to avoid anthropometric measurements. Third, overweight and obesity were defined based on BMI numbers, which is calculated from body weight and height. Thus, we cannot distinguish whether these trends resulted from body fat or muscle mass changes or both. Therefore, misclassified adiposity may lead to overestimation of being fat in muscular participants, as BMI is strongly correlated with both muscle and fat mass. 20 Finally, parameters of obesity, caloric intake, and physical activity were not measured over the same relevant phase. For instance, because the Korea Centers for Disease Control and Prevention did not comprehensively survey moderate-and vigorousintensity physical activity before KNHANES III, we could not estimate the percentage of individuals who were regularly engaged in physical activity from KNHANES I to VI. These limitations make it difficult to identify conclusive cause-effect relationships. Despite its potential limitations, this study has several strengths. First, to represent the general Korean population aged 20 years or older, we applied sampling weights to all analyses, and adjustment for age and sex was applied to the Korean population distribution in the year 2005. Second, we showed the prevalence trends in abdominal obesity based on waist circumference, in addition to Values are reported as mean (standard error).
measures of underweight, overweight/obese, and extent of obesity, as calculated by BMI. Thus, detailed information about the obesity pattern was gathered. Third, this is the most recent study on Korean obesity and the first to include data from 2014.
In summary, the trend in obesity prevalence increased without a change in abdominal obesity in men, and overweight/obesity and abdominal obesity prevalence decreased in women during the 17-year period. Further studies on trends of muscle mass and adiposity are needed for establishment of effective obesity control policies through targeted interventions.
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